
C 

C ON TRA C T N AS 8 - 2 1 1 7 2 

Final Report Covering Period 
June 21 through October 20, 1967 

DEVELOPMENT O F  MANUFACTURING TECHNIQUES FOR 
APPLICATION OF HIGH PERFORMANCE CRYOGENIC INSULATION 

D2-109005-1 

Prepared by: 

Missile and Information Systems Division 
THE BOEING COMPANY 

Seattle, Washington 

C. L. Lofgren - Program Manager 
D. E. Gieseking - Technical Leader 

Prepared for: 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 

Huntsville, Alabama 

i 



D2-109005-1 

SCOPE 

This document specifies the process requirements and manufacturing procedures 
for  the system component fabrication, insulation fabrication, insulation instal- 
lation, preconditioning, and insulation quality maintenance of the thermal protec- 
tion system for  a 200-inch diameter Torus Tank (Drawing 15-.4-X-1100). 

When specified on the Engineering Drawing SKll-041071, all applicable manu- 
facturing and quality control shall comply with the requirements of this document. 

The Engineering Drawing SKil-041071 shaii take precedence over this document 
in case a conflict a r i s e s .  

ii 
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FORKW OIZD 

This final report  represents the results of an 18-week design and manufacturing 
a e d y s i s  conducted between Jute 21, 1967 and October 28, 1967, for the George 
C. Marshall Space Flight Center, National Aeronautics and Space Administration. 
The work was accomplished under Contract NAS8-21172. Mr .  I. C. Yates, 
Manufacturing Engineering Laboratory, was the technical monitor. 

The study was performed by The Boeing Company, Missiles and Information 
Systems Division, Manufacturing Development Section. Program Manager was 
M r .  C.L. Lofgren. M r .  D.E. Gieseking was technical advisor and M r .  D.H. 
Bartlett  was responsible for the designs, thermal,  and structural analyses. 
Technical participants were  Ll: K. Zimmerman, D. L, Barclay, and 
Q. Ruonavaara. 
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1.0 INTRODUCTION 

This report  details the performance of The Boeing Company in the design study 
a d  development re l i ted to the develnpment of manufacturing techniques for in- 
sulating an existing 200-inch diameter Torus Tank detailed in MSFC Drawings 
15-A-X-110 1, 15 -A -X-1103, and 15-A-X- 11 10. 

The design cr i ter ia  for  the high performance insulation system was that it have 
a thermal conductivity of 5 x 10-5 Btu/hr. -ft. -OR, a density of 1 .5  pounds per  
cubic foot, a thickness of 5 to 6 inches, and good manufacturing producibility 
and repeatibility. The system was required to withstand the acoustic, vibration, 
and acceleration loads typical of the Saturn V vehicle. 

The resul t  of the program is a detailed high performance insulation design and 
manufacturing plan for the Torus Tank. 
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2.0 SUMMARY 

This final report  represents the detailed resul ts  of a 18-week design and manu- 
factxiring fabrication plan for application of high performance rlu!tilaycr insula- 
tion to a 200-inch diameter Torus Tank. The initial investigation phase consisted 
of a preliminary design and manufacturing analysis of all applicable insulation 
systems which would fulfill the specified requirements of the program. 

Most of the insulation systems considered were those with which there was first- 
hand knowledge of fabrication and handling characterist ics as well as thermal 
and physical properties. The insulation materials were narrowed to three 
groups for consideration in the detailed design and fabrication development pro- 
g r ~ m  Phase 11. The spacers consisted of silk o r  nylon netting, rigid polyure- 
thane foam, and sliced 3/4-inch cell Mylar honeycomb were alternately inter- 
leaved with reflective shields of perforated aluminized mylar. These materials 
satisfied the detailed design requirements in Phase I1 of the program. 

The most desirable insulation concept for Phase I1 involved detailment of the pre-  
liminary design, structural analysis of cri t ical  members,  and a thermal analysis 
of the selected design. A comprehensive manufacturing plan was constructed for 
the insulation system components and contained all major tooling and their 
applications. 

The final result  of the program is a detailed insulation system design which in- 
cludes a purge system, system components, and the system application to the 
vessel .  The manufacturing plan provides sufficiently detailed fabrication and 
installation instructions for the application of the insulation system to the 200- 
inch diameter Torus Tank. 

Preliminary study revealed that the purge system and purge bag assembly study 

the reDort text is one of many which should he studied to optimize purging svstems, 
iii depth was beeyoiid the scope of this program. The particular dcsigx shavv7l i:: 

2 
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3 . 0  INITIAL INVESTIGATION 

The preliminary work on this phase w a s  a compilation of the insulation materials,  
purge systems, outgassing methods, and components which when combined would 
fulfill the requirements of the program. (See Figures 1, 2, 3, and 4.) 

Figure 1 l is ts  ail the insuiation materiais considered for use  in the program. 
Their availability, insulation performance, and fabrication characterist ics are 
shown in detail. Since this work was done, the availability of the materials has 
changed and some a re  no longer available. A secondary, but cri t ical  factor, is 
the cost  of the materials which have increased greatly since the initial work was 
conducted on the Boeing Company funded research.  

Figure 2 l is ts  all the possible insulation application methods, their complexities, 
thermal performance, compatibility, and density control. 

Figure 3 lists the insulation support and attachment methods which were  evaluated 
in the preliminary phase of the program. 

Figure 4 presents the preconditioning and purge system evaluation in tabular form. 

Of all basic insulation materials evaluated, only four met the requirements of 
the program. NRC-2 insulation was discarded because of poor density control 
especially in 5-inch thicknesses. Silk net, with the foam str ip  grid, was dis- 
carded because of fabrication difficulty. Mylar honeycomb in thin sl ices became 
the basic spacer  material  with sliced foam o r  nylon net as additional choices. 
Each material  was interleaved with perforated aluminized Mylar. However, 
since the initial study was performed, it was discovered that 3/4-inch cell  my- 
l a r  was no longer available from any source.  

Two separate designs were prepared. 
fairing which changed the inconsistent geometry of the sump into smooth lines. 
It proposed gas venting normal to the insulation layers where the purge gas w a s  
supplied to the purge bag adjacent to the tank. The insulation system proposed 
used consistent s ize  panels of alternate layers  of perforated reflective shields 
and any of the space materials selected. 

The f i rs t  design incorporated a sump 

The second design did not attempt to alter the tank geometry. The insulation 
system utilized unperforated reflectors and a purge system parallel to the insula- 
tion layers. Because of the inconsistent sump geometry, the insulation system 
required fabrication of a large number of different layer segments pe r  layer and 
a good records system to keep them catalogued. 

The first system was selected for detailing of the design, structural and thermal 
analysis,  and weights estimate. The manufacturing and tooling plans proposed 
for the preliminary design and analysis were expanded for the secondary phase 
of the program. 

3 
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INSULATION MI 

x 

ir 
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INSULATU N CONCEPT AATERIALS 
4VAI LABILITY JACU AT IO N~ 

4TH 
-ALUMINIZED MYLAR 
RADIATION SHIELDS 

1 UN- PACER MATERIAL 
ERFORATED 'FERFORATEC I Normal to 

layers 1.24 x 10-5 NYLON NET 

4 I 
3qu i res 
tecial 
ill run 

Normal to 
layers 

POLYESTER SCRIM 
(FORTREL) 

X 1.53 x 104 

t I AULTIPLE (2 OR 3) 
;ILK NETS 

Normal to 
layers 

.omm . 

:ab. 

:omm. 
wai I. 
mat Is 

--t Lateral 
(required 
evacuation 
joints) 

SILK NET WITH 
BONDED FOAM 
STRIPS 

X 

bmm. 
vai I. 
n 1 "  
hick 

iLlCED 3/4" CELL 
HYLAR 
HC"' V P  IF€ I LGMB 

Normal to 
layers 4 . w X  10-5 

.omm . 
w a i  I 
limited 
ources) 

SLICED 
POLYURETHANE 
FOAM 

Normal to 
layers 3 . 3 6 ~  10-5 X 

~- ~~ - 

Lateral 
(requires 
evacuation 
io i n ts) 

NRC-2 (NO 
SPACER) 

Comm. 
avai I. 1.58 x 10-5 X 

X 

Lateral 
(requires 
evacuation 
joints) 

Comm . 
avai I .  DIMPLAR 
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iTER I ALS EVALUATI ON 

~SULATION THERMAL PERFORMANCE FABRIC AT10 N CHARACTERISTICS 

'HERMAL 
1OND.X 
IENSITY 

4.29 x 

- 
10-5 

iFFECT OF 
DMPACTIO h 

~~ 

STRENGTH - 
~~ 

DRAPE - /ENS ITY 
b/FT3 

IUTGASSI NG 
HARACTERI STIC5 

EASE OF 
4ANDLING - JOINING - 

-ape does 
hot stick 
vel1 to net, 
ewing best 

Large amt 
of absorbed 
water is 
released 

i 

Good 
recovery ~ 3.46 

I 
Very high Fair Good 

Strong 
fibers 
strength 
dap. on 
weave 

'oor for typc 
ested, wher 
veaved it 
hould be 
ood 

Probably 
same as 
nylon net 

Very l i t t le 
outgassing 

3.28 x 
10-5 

Should be 
good 1 2.15 No data 

,L 
Pro bab I y 
same as 
nylon net 

Should 
have good 
recovery 

Should be 
similar to 
nylon net 

5.05 x 
10-5 

Should be 
fair Very high ' 1.39 

~ 

Good 

Least in crease 
in heat flow, 
good 
recovery 

Pro ba b I y 
same as 
nylon net 

I I 0.74 
, 
\ 

2.65 x 
10-5 

Should be 
fair High Good 

Least 
deflection 
good 
recovery 

High, but 
s t  ratches 
under 
uniaxin! 
loads 

11.29 
~(0.045" 
[MEC) 
I 

Should be 
sewed or 
tied 

6.44 x 
10-5 

Very l i t t le  
outgassing 

Good Good 

Sewing or 
taping 
acce ptab I e 

(Could be 
high no 
data) 

6.25 x 
10-5 

Good 
recovery Poor Fair Adequate 

~ ~~ 

High, but 
performance 
i s  easily 
degraded 

High, but 
stretches 
under 
uniaxial 
loads 

Large 
deflect ions 
poor 
recovery 

Tape 
makes 
strong 
point 

Should have 
very l i t t le 
outgassing 

2.09 x 

10-5 i 1*32 
Fair Good 

Fair 
shield mat' 

s t i  ma/ f be 

Should have 
very l i t t le 
outgassing 

Tape or 
sewing No data Good 

IGURE 1 4 4 
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LAY-UP METHOD EVA1 

LAYER 
DENSITY 
CONTROL 

COMPATIBLE CONCEPT 

LAY-UP METHOD PURGE AND 
PRECONDlTlONlNG 
SYSTEM 

INSUI 
SUPP( 
ATTA( 

Poor 
LAYER-BY-LAYER INSTALLATION, 
STAGGERED LAP JOINTS 

Lay Y P  
makes SI 
attachrn 
provisio 
to insta 
at butt I 

joints tt 
and par 
app lical 

Gas purging the 
assembled insulation 
appears on ly possible 
method. Purging 
provisions must be 
built into insulation 
assembly 

LAY ER-BY -LAY ER I NSTALLAT IO N 
IN-LINE BUTT OR SCARF JOINTS 

Probably somewhat 
better than 1 

SPIRAL W I NDI NG 

Good for simpler 
geometry, probab I y 
more difficult on 
torus 

Adequate, except 
shingles require 
support on tank 
bottom 

SHINGLES 

FULL THICK N E S S  PANELS, 
IN-LINE BUTT OR SCARF 
JO I N T  

6” thickness 
may produce 
wrinkling 

A l l  coni 
appli cal 
Threads 
penetrai 
entire tl 
providir 
support 
panel a 

FULL THICK N E S S  PANELS, 
STEPPED BUTT JOINTS 

Panel purging or 
evacuation and 
back f i l l ing i s  
possible as well as 
purging the assembled 
insulation. The 
latter requires 
purging provisions 
built into the 
assembly 

Al l  cor 
applicc 
transfei 
thread 
difficuI 
with fu 
pane Is 

MULTIPLE STACKED PANELS, 
IN-LINE LAP JOINTS 

Degraded in lap 
areas 

MULTIPLE STACKED PANELS, 
STAGGERED LAP JOINTS Same as 7 

MULTIPLE STACKED PANELS, 
IN-LINE BUTT JOINTS Good 

Good MULTIPLE STACKED PANELS, 
STAGGERED BUTT JO 1 NTS 

MULTIPLE STACKED PANELS, 
RANDOM BUTT JOINTS, ONE 
PANEL SIZE PER LAYER 

Good 
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jUATl ON 

>r scarf 
reads 
r not 
9 le 

k MANUFACTURING 

COMPLEXITY THERMAL 

PERFORMANCE 
CAT10 N 
DRTS 8, 
ZHMENTS 

REMARKS 

T ~ O L I N G  TOLERANCES 

No joint losses 
but degraded by 
poor density control 

Graduated 
cutting 
templates 

No problem 
can trim on 
assembly 

Graduated 
cutting 
templates 

Significant 
io i n t losses 

Close tolerances re- 
quired on joint gap 

S imu It aneous 
application of 
shield and spacer 
results in minor 
degradation. 
Shields conduct 
directly to tank, 
degradation depends 
on shingle length 

Not compatible 
with conical 
support, uneven 
thickness develop 

Winding 
machine No problem 

Few cutting 
templates 
required 

No problem 

Sign if i cant 
joint losses 

Close tolerances re- 
quired on joint gap 

1;:; 
/Can 
te the 
p i ck r ,ass, 
ig best 
bver the 
.e a 

L a y ~ p  iis, 
edge trim 
temp I ate 

L a y y p  iis, 
templates 
required for 
stepped joint 

Close tolerances re- 
quired on joint gap 

Better than in-line 
butt joint 

Probabl somewhat 
better t II an butt 
joint 

Graduated lay- 
up jigs, edge 
trim 

No problem 

lcepts 
ble, but 
of 

loads more 
t than 
I I  thickness 

Joint losses depend 
on number of panels 
stacked. Should be 
good 

Same as 7 No problem 

Significant 
joint losses Same as 7 Close tolerances re- 

quired on joint gap 

Better than in- 
line butt joint 

iame as 7, but a stag, 
ler template is req'd No problem 

Somewhat better 
than 9 and 10 

Same as 7, but 
less control 
required 

No problem 

U R E  2 
5 -8 
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INSULATION SUPPORTS AI 

SUPPORT & ATTACHMENT 
CONCEPT 

APPLICABLE 

AREAS 

THERMAL 

EFFICIENCY 

~~ 

THREADS NORMAL TO LAYERS 
Adequate although the heat 
flow could become signifi- 
cant for close spacing 

Entire insulation area 

~ 

Entire insulation area 
Adequate although the heat 
flow could become signifi- 
cant for close spacing 

3lAGONAL THREADS 

~ 

DROP THREADS Lower half of tank surface 
~~ ~ ~ 

Same as 1, 2, 3 rHREADS WITH SPACERS 

RIGID POSTS WITH SPACERS Entire insulation area Very poor 

Radial wrap around cross 
sect ion 

Poor, local compaction can 
greatly increase heat flow RESTRAINT BANDS 

a Toward center from cross- 
section center-l ine 

N o  degradation except due 
to attachment "HULA HOOP" 

"PAJAMA STRl  NG" Toward center from cross- 
section center-line 

No degradation except due 
to attachment 

Warm end of conical sup- 
port tank surface 

Lacing provides direct heat 
short to tank PANEL EDGE LACING 

CLOTH GRID Entire tank surface No degradation 

No direct heat short FISH NET (OVER OUTSIDE 
OF INSULATION) Entire tank surface 

Conical support and sump 
fairing 

Some slight degradation duc 
to radiation window DRILLED HOLES 

~ ~~ 

ADHESIVE TAPE Tape at panel edges providc 
heat short 

Entire insulation area 

No degradation VELCRO FASTENERS Entire insulation area 

CEMENTED BUTTONS Entire insulation area No degradation 

FIG 



b AllACHMENT EVALUATION 

INSTALLATION COMPLEXITY 

LOAD CARRYING CAPABILITY 

1 INTER- 
~ LAYER 
I SHEAR 

LAYER 
SEFARAT 10 N COMPACTION 

telative simple - although threads must be tied 
o inner supports first 

Good Poor 

I - 

Poor 
More complex - threads probably fed thru blanket 
ind assembly, tied to inside f irst Good Poor 

~ 

~ Poor Poor Good Same as 1 
~ 

Po0 r Fair Good Location of  spacers for diagonal threads may be 
ji fficu I t 

Good Good Good 
1 

Re lat ive I y simp le 

I 
I 

I Good 

~ 

Good Simple Poor, causes 
com paction 

~~ 

Good 
~ Good Good 

Good Good Simple Good 

Poor, probabiy 
causes some 
comDact ion 

Requires holes or attachment clips on insulated 
structure 

I Good Fair 

~ Poor, between 
i tanks 8, grid N. A. N. A. Re la t ive 1 y simp I e 

I Shear capacity 
1 provided by 
1 ties or posts 

Relatively simple since netting would be applied 
over insulation 

Po0 r Po0 r 

Good with posts 
and spacers 

Good with p s i  
and spacers 

Producing holes in multilayer appears difficult 
without shorti ng adjacent radiation shields 

Good with post- 
type fasteners 

'Poor, dif f icult  to 
attach a l l  layers 

~ 

Simple Poor at panel 
edges 

Poor at panel 
edges 

Good at attach- 
; ment surface 

N. A. Simple N. A. 

Good at attach- 
men t surface 

Poor, when used 
with ties 

Somewhat difficult to locate buttons under 
multilayer 

N. A. 

RE 3 
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SYSTEM CONCEPT 

PRECO ND IT10 NED SEALED PANELS 

A. EVACUATED AND BACK FILLED 

B. GAS PURGED 

~ 

TANK INSTALLED INSULATION 
PRECO ND IT10 N I NG 

A. EVACUATED AND BACK FILLED 

8. GAS PURGED 

D2-/ 

PRECONDITIONING, PURGE, ANI 

RECONDITIO NlNG 
FFICIENCY 

High 

High with hot 
!F purge 

High 

High 

FAC I L IT1 ES 
REQUIRED\ 

llacuum chamber, 
; a d  SGiiTC85, 
mpermeable 
ackets and 
,emote valving 
,ystem 

Heated gas 
source, 
impermeable 
jackets 

Large vacuum 
chamber, heat 
sources, 
impermeable 
jacket and 
remote valving 
system 

Heated gas 
source, 
impermeable 
jacket 
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ID EVACUATION SYSTEM EVALUATION 

STORAGE 

1 

I LIFE 
I 

Lpends on 
y a b i  l i ty  

jacket 
bterial and 
brage 5; il: ions 

pintain 
Instant 
brge 

bpends on 
Crmeability 
; jacket 
katerial and 
brage 
bndi t ions 
puld 
la in t ai n 
nstan t 

bpends on 
armeabi l i ty  
F jacket 
nterial and 
orage 
pndi t ions 
buld 
laintain 
Dnstant 
urge 

sepends on 
srmeability 
F jacket 
laterial and 
orage 
mdit ions 
3u Id 
\ai n t ai n 
onstant 
urge 

- 1  
.AUNCH 
iVACUATlO N 
i FFlCl ENCY 

Fair - 
deijends on 
successfu I 
rupture of 
jacket or 
ventilating 
system 

Fair - 
depends on 
successfu I 
rupture of 
jacket or 
ventilating 
system 

Good - entire 
insulation 
vented at 
one time 

~~ 

Good - entire 
insulation 
vented at 
m e  time 

THERMAL 
EFFlCl ENCY 

Fair - 
depending on 
evacuation 
rate 

Fair - 
depending on 
evacuation 
rate 

Good - due 
to rapid 
venting 
possibilities 

Good - due 
to rapid 
venting 
poaibi lities 

WEIGHT 

High -due to 
encapsulating 
jackets and 
possible vent 
manifolding 

High -due to 
encapsulating 
jackets and 
possible vent 
man if0 lding 

Moderate - 
only one 
encapsulating 
jacket 
required 

Moderate to 
high - purge 
system must 
form integral 
part of 
flight system 

MANU FACTUR I NG COMPLEXITY 

Complicated - following evacuation 
encapsu iated insulation blankets must 
be back f i l led and sealed remotely 
(inside a chamber) 

Relatively simple i f  continuous purging 
not required 

Complicated - large vacuum chamber and 
remote valving system required 

Somewhat complicated by need for 
purging system beneath insulation 

SURE 4 
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4 .0  DESIGN AND ANALYSIS 

4 . 1  Detailed Design 

' 0  

A multilayer insulation thermal protection system was designed for a 200-inch 
0. D. toroidal liquid hydrogen tank. No specific mission was defined, therefore, 
adect ion of aii iiisuiaiion thickness w a s  arbitrary.  
chosen as being representative of future requirements for long te rm space 
storage. 

A value of five inches was 

The iriuitilayer system was required to have a thermal conductivity of 
5 x 
1 . 5  pounds/cubic foot. Based on available flat panel thermal conductivity data 
several  insulation systems shown in Figure 5 met these requirements. Some 
of these were: 

1) 1/4 mil aluminized mylar radiation shields with sliced polyurethane foam 
spacers;  

2) 1/4 mil aluminized mylar radiation shields with 0.007-inch nylon netting 
spacers  ; 

3) 1/4 mil aluminized mylar radiation shields with sliced 3/4-inch cell Mylar 
honeycomb spacers.  

Btu-ft/ft2-hr-"R o r  l e s s  and a maximum density of approximately 

The las t  concept required the least  labor for  a 5-inch-thick insulation because 
optimum thermal performance was obtained with approximately 15 radiation 
shields per  inch, as opposed to a greater number required for the other systems. 
Also this concept demonstrated good handling characterist ics and reasonable 
resistance to compaction. 

Aluminized mylar radiation shields for the design were perforated with 0. 040- 
icch diamctzr holes on 0.30-inch ceiitei-s. P i -ev ivus  pressure decay tests had 
indicated that radial venting paths were of significmt vnlue in rapid pressure 
reduction of a helium gas purged insulation system. Other pressure decay tests 
showed that a hot (200°F) helium gas purge considerably reduced the evacuation 
time. The design of the insulation system then was prepared with provision for  
rapid evacuation and preconditioning with a hot gas purge system. An external 
purge control system which rapidly vents purge gasses by rupture o r  through 
manifold exhaust ports is a necessary par t  of this type of multilayer insulation 
system. However, the design of the external system was determined to be beyond 
the scope of study for this program. 

The insulation system for the Torus Tank was designed to withstand steady state 
acceleration loads. 

1) 5. OG vertical downward; 

2) 1.5G vertical upward; 

3) 0.5G lateral .  

The design limit load factors were: 

A factor of safety of 1 .4  was applied to these to obtain design ultimate loads. 

8 
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Design details of the insulation system are shown in sheets 1 through 5 of Drawing 
SKll-041071. When assembled, the insulation system consists of an upper and a 
lower half. The lower half is comprised of pie shaped panels each one-inch thick 
v hich extend f rom the outside to the inside diameter of the Torus. Panels are 
butt joined nnd the joints are  staggerzd t~ miiiimize radiation heat transfer. The 
panels are suspended from the conical support on the outside and from a dual 
hoop arrCulgement mounted slightly above the inner diameter of the tank. Inter- 
mediate supports a r e  provided in  the form of rigid fiberglass studs at two loca- 
tions along the length of the panel. These studs have the capacity to c a r r y  insu- 
lation side loads as well a s  a portion of the total panel vertical loads. The lower 
contour of the tank is irregular because of the tapered sump. Rather than vary- 
ing panel shape and length to account for the sump taper it w a s  decided to fabri- 
cate and attach a sump fairing of fiberglass reinforced plastic. The addition of 
this fairing produced a tank contour which is uniform areund the entire circum- 
ference and allows design of identical panels. To further simplify panel fabri- 
cation, a standard width w a s  selected. 

Since the circumference changed as insulation thickness varied, one "make-up" 
panel w a s  required for each of the five layers.  This panel was intended to be 
hand f i t  and would account for tolerance build up during assembly. 

The upper half of the insulation system is also composed of pie-shaped panels 
each one-inch thick. These panels a lso extend from the cone support to the hoop 
support. Negative acceleration required the addition of fiberglass studs spaced 
along the top of the tank. Curved channel members attached to the studs are 
used to contain the insulation and carry loads to the studs. The outboard ends 
of these channels are attached to a circular  r ing which prevents rotation. The 
insulation is also tied to fiberglass reinforced plastic trays in the Y-ring a r e a  
with thread. These ties hold the insulation to the required curvature in this area. 

For each of assembly and handling, each one-inch-thick insulation panel is com- 
pletely enclosed in nylon netting mc! tied teget!ier 1,srith thrcad xi~d buttoiis. 
threads prevent lateral  shifting of insulation layers .  The encapsulating nylon 
net is used to attach the insulation blankets to the hoop support and the cone 
support. 

The 

Insulation panels are cut out as  required at the manholes and the encapsulating 
nylon net sewed to match the cut out. A separate insulation cover is designed 
to fit over each manhole so that access to the inside of the tank is possible. The 
insulation cover is assembled with filler layers  in the center to account for the 
varying height of tank insulation around the periphery of the manhole. The cover 
is held together with nylon netting and thread ties. Velcro tape is used around 
the edges of the cover assembly to attach to the tank insulation. 

Fiberglass studs are of two types. One type is a one-piece stud with a bonded 
aluminum pad at the base. These studs are used in locations where it is possible 
to bring the insulation panels down directly over the studs. In those locations 
where the panel is wrapped around the tank and slipped over a stud it is neces- 
s a r y  to design a segmented support which could be assembled as insulation of the 
tank progressed. It is planned to assemble this type of support with an adhesive 
and a bolt. Upon completion of the insulation assembly the adhesive would be 
allowed to cu re  and then the bolt removed, increasing the thermal isolation capa- 
bility of the support. 

10 
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In all cases  where bonded par ts  are to tie exposed to cryogenic temperatures,  a 
polyurethane adhesive is employed. The adhesive cure cycle is three days at 
75°F and is selected to avoid possible overaging of the tank material. If a more 
rapid curc is desired,  a slightly elevated temperature could be used. The selec- 
tion and means of obtaining the reqiiirwl tem-peratxe shn-dd be coordinated with 
MSFC materials personnel. 

A iieaied helium purge gas distribution system w a s  designed for installation 
against the tank surface. The function of this system is to precondition insula- 
tion materials pr ior  to launch. Depending on final design of the purge system 
this distribution system could be used continuously prior to launch o r  used only 
once to precondition prior to filling of the tank. Since the purge system could 
possibly be used while exposed to cryogenic temperatures a suitable film material  
would be mylar,  Tcflon, o r  possibly nylon. Nylon is preferred b e c w s e  it cm- 
be readily heat sealed. 
of adhesive thus complicating the assembly job. The purge system is designed 
to provide an even distribution of gas over the entire inner surface of the insula- 
tion. The purge system consists of an envelope of 2-mil films sealed over 
perforated tubes and then sealed into separate channels. The outer 2-mil film 
would be perforated to supply the gas to the insulation. The perforated tubes 
would be attached to supply lines which feed from a location near each manhole 
cover. The design shown on the drawings is intended only to supply and distri-  
bute the purge gas to the insulation and as such is an open system, i.e., the gas 
is exhausted to the atmosphere. It may be possible to combine such a system 
with an external purge bag, thus, providing a means of collecting the purge gas 
to be cleaned and reused in the preconditioning cycle. 

Fabrication of a mylar purge bag would require the use 

4 .2  Structural and Thermal Analysis 

Structural analysis of the insulation support system was based on the assumption 
that insulation loads could be transferred by the layers into the support studs o r  
through the thread t ies to the outer nylon net layers  and  in  turfi tc! cl-1ppn1-t clips 
o r  hoops. Test  data is needed to determine the edgewise load capacity of a thick 
blanket of multilayer. The design drawing shows an adhesive backed reinforcing 
washer located at each support stud, however i t  is believed difficult to locate 
this reinforcement when producing the hole in the layers. 

The support studs were analyzed as cantilever beams. Peel loading at the edge 
of the flat base was a crit ical  design condition and dictated the s ize  of the base. 
Shear s t r e s ses  in the adhesive joint under acceleration loading was 4 psi  for a 
typical stud. Hoop support brackets w e r e  designed to be bonded to the tank. The 
calculated shear  stress in this joint at ultimate load w a s  approximately 170  psi. 
The bond joint of sump fairing to tank is continuous around the periphery of the 
fairing, consequently adhesive shear s t r e s ses  in  this joint were minimal. 

Deflections of the fiberglass studs attached to the sump fairing were found to be 
prohibitively high without some form of fairing stiffener. A s  a result ,  channel 
shaped members were designed to be bonded to the sump fairing on the inside 
behind each stud. These were sized to minimize deflections. 

A portion of the insulation panel inertia load was carr ied by the nylon net webbing 
between inner and outer support hoops. The design ultimate load w a s  3.5 pounds/ 
inch of netting circumference. No data w a s  available on netting strength so a 
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simple tensile test was conducted. The resul ts  of the test are shown in Figure 6. 
Six layers of net were selected for design, thus providing an ample margin of 
s d e  ty . 
The heat leaks to the hydrogen tank are s u m m z i z e d  in Figxrz 7 f m  two mtilii- 
layer insulation materials. These are: 

1) 

2) 

Perforated aluminized *ly!a- separated by fiylon net; 

Perforated aluminized mylar separated by sliced mylar honeycomb. 

The heat transferred to the tank through the undisturbed multilayer insulation 
under evacuated conditions consists of radiation and solid conduction components. 
A basic "calorimeter" heat leak through the insulation is determined for the ideal 
conditions of no perforations, no insulation disturbances such as local compaction 
or  penetrations, and no butt joints in the insulation layup. The estimated actual 
performance in zero "g" with no perforations is taken as two times the basic 
"calorimeter" value to take into account local disturbances in the insulation. The 
perforations in the radiation shields mainly effect the radiation component of the 
insulation heat transfer. This is particularly evident when comparing the heat 
flow due to perforations for the nylon net and mylar honeycomb in Figure 7. 
Due to the greater spacing between aluminized mylar layers with the mylar honey- 
comb spacer each perforation hole "views" a greater area of adjacent layers,  
hence the radiation heat transfer component of the total heat flow increases. 

Heat  leaks through the studs, the support web, and the threads have been treated 
as conventional heat conduction problems. The thermal design of the insulation 
layup in the vicinity of the fiberglass tank support involves several considerations. 
Foremost is the attempt at providing an uninterrupted transition of the insulation 
f rom the tank to the tank support. This involves continuing the undisturbed tank 
insulation layup as far as possible into the tank - tank support junction. The 
insulation turning radius from the tank to the tank support is made as small as 
possible without causing buckling or compaction of the k y e r s .  .Also ef imp~rtmee 
is the fairing out of the multilayer insulation thickness on the fiberglass tank 
support toward the warm end of the support. The local thickness of the insulation 
on the tank support is sized in such a manner as to minimize the mismatch in 
temperature distributions through the insulation and along the support member. 
In addition, the heat flow in the insulation parallel to the support at the warm 
end becomes increasingly normal to the support toward the cold end. This is an 
extremely complex two-dimensional heat t ransfer  problem and is not dealt with 
in detail in this analysis. 

The principal heat leak to the manhole cover occurs in the multilayer insulation 
layers  in the immediate proximity of the cover insulation -tank insulation junc- 
tion. This is due to high parallel conductivity of the multilayer insulation and is 
particularly important for the multilayer insulation with nylon net separators as 
can be seen in Figure 7, hence, the overlap of the tank insulation by the manhole 
cover insulation blanket is designed so as to maximize the parallel conduction 
path in the multilayer insulation. In addition, the tank insulation is not permitted 
to terminate against the manhole cover, rather a fiberglass insulation collar 
around the bulkhead is employed. 
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HEAT LEAK SUMMARY 

HEAT FLOW 
(BTU / HR) 

SPACER MAT'L 

ESTIMATED ACTUAL PERFORMANCE ,,, 
IN ZERO "GI: NO PERFORATIONS 

PERFORATIONS IN RADIATION ,...,,.,, 
SHIELD 

NYLON NET 

10.4 

6.0 

8.9 

0.2 

0.3 

10.0 

5.0 

40.8 

MYLAR 
HONEYCOMB 

30.4 

22.0 

8.9  

0.2 

0.3 

10.0 

1 .o 

73.2 

FIGURE 7 
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4.3 

Wcights Analysis 

A weight summarization for the desip- is tabulated be!sx~. Insulation weights 
were calculated using the flat panel density of aluminized mylar and sliced mylar 
honeycomb. This density is 1.42 lbift3. 

Multilayer Insulation 

Fiberglass Fil ler (1.5 lb/ft3) 

Hoop Support (2) 

Fiberglass Trays (24) 

Fiberglass Sump Fairing 

Channel Supports for Sump Fairing 

Upper Insulation Blanket Radial Retainer Assembly 

Purge Tubing and Bag 

To tal 

Pounds 

480 

20 

4 

2 

36 

40 

13 

26 - 
621 

5% for Bolts, Adhesive, Thread, and Miscellaneous 31 

To tal 652 
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5.0 MANUFACTURING PLAN AND TOOLING REQUIREMENTS 

Components of the insulation and thermal protection system have been detailed 
in Drawing SKll-041071, sheets 1 to 5 on pages 48 to 52 of this document. The 
foliowing pages detail the fabrication processes  which compose the manufacturing 
plan for  each item of the system and the tools required for application of each. 

5 .1  Fiberglass Component Fabrication and Installation 

5.1.1 Fiberglass Component Fabrication (See Figures 8 through 11) 

Fabricate mandrel of plaster or  hydrocal. 

Apply three coats parting lacquer nntr? m-andrel. 

Apply Johnson's traffic wax  on mandrel in layup area.  

Apply light coat of RAM 225 mold release over traffic wax. 

Insert  reinforcement s t r ips  in mandrel. 

Lay up a 2-ply prepreg laminate. Fiber direction oriented to radius direc- 
tion. The prepreg laminate will bond to the reinforcement s t r ips .  

Cover laminate with perforated teflon - TFE 2-mil film. 

Install fiberglass o r  Osnaburg cloth edge bleeder around periphery of part. 

Apply vacuum sealant No. 5230-1 (Fiber Resin Corporation) to edge of tool. 

Attach vacuum bleeder line. 

Attach vacuum blanket (mylar or nylon) composite layup shown in Figure 8. 

Apply vacuum pressure  and checks for leaks. 

Cure in air circulating oven at 250°F for 4 hours plus 2 hours at 300°F. 

Cool to room temperature. 

Remove par t  from tool and t r im to t r im  line. 

Drill as required by Drawing SKll-041071. 

Part number package and store.  

5.1. 2 Facilities 

A i r  circulating oven 6 f t  x 8 f t  x 6 ft, capable of control from 70°F to 400°F is 
required . 
5 .1 .3  Sump Fairing Installation (See Figure 12) 

1) 

2) 

Abrade the tank locally in the fairing bond area  with abrasive. Clean with 
methyl ethyl ketone or acetone. 

Using double-backed tape, attach a thin metal positioning s t r ip  at the fairing 
bond line. Spray each positioning s t r ip  with teflon release agent pr ior  to 
application to the tank surface. 

Position sump fairing vacuum positioning tool on the major and minor attach 
points and connect to plant air .  

3) 
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INSULATION RETAINER FABRICATION 
FIGURE 10 
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4) 

5) 

6 )  

7) 

Apply Nnrmco 7343 adhesive to the bond area on the tank surface and inser t  
n section of the sump fairing. 

Apply pressure  to the fairing tank bond a rea  by tightening the pressure  shoe 
screws on the vacuum fixture. 

Allow to cure  fo r  24 hours with pressure applied. The vacuum fixture may 
then be removed for  an additional 36-hour cure .  

It is recommended that two sections be applied at the same time. Narmco 
7343 adhesive should be used to bond adjacent segments in the overlap area. 

_ _ ~ ~  5 . 1 . 4  ~- Sump Fairing Tooling 

The vacuum fixture shown on the following page is fabricated of air-asperated 
vacuum cups which were  mndifiec! with a pressurc  shoe which is xljusied for 
pressure  by turning the adjustment screw clockwise. Three individual units will 
be required to bond the major width of the fairing and two units will be required 
for  the minor width. The individual units for the major and minor widths may 
use  plant air connected in ser ies .  

Enough units should be made available s o  that two segments can be bonded at the 
same time. 

5 . 1 . 5  Y-Ring Fairing Installation (See Figure 13) 

Abrade the tank locally in the area of attachment and clean locally with 
methyl ethyl ketone o r  acetone. 

Install positioning s t r ips  on the tank and sk i r t  bond lines. 

Position and attach fairing bonding tools on the skir t  attach ring. 

Apply Narmco 7343 adhesive on the fairing segment and position the fairing 
bonding tool. 

Apply pressure  to both bonded surfaces by tightening and adjusting the toggle 
clamps on the tool. 

Maintain pressure  on the fairing bonded surfaces for 24 hours at ambient 
temperature cure .  The bonding tools may then be removed and reused. 

Cure adhesive an additional 48 hours at room temperature before applying 
external loads to the fairing. 

5 . 1 . 6  Y-Ring Tooling 

The Y-ring bonding tool shown on page 23 consists of a positioning b a r  which 
attaches to the support flange of the skirt .  This positions the tool in the desired 
depth and attitude. Attached to the lower portion of the positioning bar  is a tray 
which holds the par t  in a position for bonding. Above this tray is a member 
which supports four toggle clamps which can be adjusted when applying the 
required contact pressure  for bonding. 

Two units of this type should be fabricated. 
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Y-RING FAIRING INSTALLATION 
FIGURE 13 
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5 . 2  Double Tube Attach Clips (See Figure 14) 

5 . 2 . 1  Fabrication of the Double Tube Attach CliDs 

1) Procure aluminum sheet material; 

2) 

3) 

4) 
5) Drill per  Drawing SKll-041071; 

6 )  
7) Clean par t  number, package, and s tore  in sets. 

Brake-form both parts to configuration per Drawing SKll-041671; 

STAT the fenxed scgmci~t  t~ achieve 0.70 iilcii wi ih  par ts ;  

Deburr both segments of the assembly; 

Install nut plates by riveting; 

5 . 2 . 2  Fabrication of the Positioning Tool 

1) Brake material  to size; 

2) Brake (1) in half; 

3 )  Combine and saw out slot to accommodate clip as shown in Figure 14; 

4) Install double-backed tape and spray completed assembly with teflon release 
agent; 

5) Store. 

5 . 2 . 3  Double Tube Assembly Attach Clips Installation 

1) 

2) 

Abrade the tank surface locally with abrasive and reclean locally with 
acetone o r  methyl ethyl ketone. 

Install bonding positioning tools, per  sketch on page 25 for the hoop attach- 
ment brackets , n r ~ ~ i f i g  SK11-fi$lfi?l ,  sheet 1, usir,g d~&!e-bdied tape. 
Spray each positioning tool with teflon release agent before application of 
the tank. 

Apply Narmco 7343 adhesive to clips and inser t  in the positioning tools. 

Apply tape from the tank surface across  the positioned clips to the tank 
surface for contact bonding pressure as shown in sketch on page 25. 

Cure at room temperature p e r  Drawing SKll-041071, sheet 1. 

3) 

4) 

5) 

5.3  Insulation Clips (See Figure 15) 

5 .3 .1  Fabrication 

1) 

2) 

3) 

4) 

Procure aluminum flat stock 0.040-inch thick; 

Fabricate male-female tool steel matching dies to punch out the insulation 
clip flat pattern; 

Punch insulation clip blanks (quantity to be determined); 

Dril l  two 0.10-inch diameter holes in each clip. Stack drilling of the blanks 
will reduce flow-time and labor costs; 
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' 0  

5) 
6) Deburr, clean, package, label, and store. 

IZend clip tip around a 0.1-inch steel dowel form tool; 

5.3. 2 Installation 

1) Fabricate dril l  ba r  of mild steel with tool steel dril l  bushings with the 

splice plate as the reference point. 

Position dril l  bar on skir t .  

Drill all holes usifig portable higli speed drilliiig equipment. 

Repeat Steps 2) and 3) until all holes have been developed. 

Position two clips and bolt through skirt using No. 2-64UNF-3A CRES bolt 
and nut. Repeat until all clips are secured. 

spacings spzzifizd in Dr2Wing SK:1-941S71, sheet 3 .  use the !c;;er skirt 

2) 

3) 

4) 

5) 

5 . 4  Insulation Buttons (See Figure 16) 

5 . 4 . 1  Fabrication 

1) 

2) 

3) 

4) 

5) 

Purchase o r  draw from s to re s  the 0.025-inch thick nylon o r  fiberglass flat 
sheet material; 

Punch out 0.50-inch diameter buttons; 

Stack dr i l l  holes for thread; 

Insert threat and needle and tie in place for bonded insulation buttons; 

DO NOT inser t  threadfor insulation panel ties. 

An alternate method is to fabricate a thin spike nylon stud then mate this with a 
small  grip cap button. 

5 .4 .2  Installation 

Method A - Fabricate the locating and bonding tools. 

1) Acquire flat stock; 

2) 

3) 

4)  
5) Clean and deburr;  

6) 

7) 
8) P a r t  number and s tore .  

Brake o r  saw to size;  

Punch hole in center to accommodate button; 

Saw into two equal par ts ;  

Apply double-backed tape to the back; 

Spray exposed surfaces of tool with teflon release agent; 

Method B 

1) Abrade the tank locally with abrasive and clean with acetone or methyl ethyl 
ketone ; 
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Install the bonding-positioning tools using double-backed tape spaced p e r  
DraLving SKl l -041071 .  Spray each positioning tool with teflon release agent 
before applying to the tank; 

Apply Narmco 7343 to the buttons and inser t  in the positioning tools; 

For contact bonding pressure as shown in sketch on page 30 tape across  
tool nnd button assembly from tank surface to tank surface; 

Allow to cure  for 24 hours at room temperature. Positioning tools may 
then be removed and repositioned for additional button applications; 

Allow Narmco 7343 to cure  an additional 48 hours at room temperature 
€or maximum strength. 

5.5 Insulation Studs (See Figure 17)  

5 .5 .1  Fabrication 

1) 

2) 

3 )  

Fabricate nut plates and bonding studs per  Drawing SKl l -041071,  sheet 1; 

Fabricate studs and retainers of fiberglass o r  nylon stock; 

Fabricate positioning and bonding tool of any metal. 

5 .5 .2  Installation 

1) Position the bonding tools per Drawing SKl l -041071  and attach to the tank 
using double-backed tape. 
applying to the tank. 

Apply Narmco 7343 adhesive to the studs and inser t  in the bonding tools. 

Tape across  the studs and bonding fixture from tank surface to tank surface 
to obtain bonding contact pressure.  

loads to the studs. 

Remove positioning and bonding tools any time after 24  hours. 

Spray each tool with teflon release agent before 

2) 

3) 

4) A A A l l e x y  $e reQ*vA teLT,perzbdre c u r e  [!?r l?Qurs b&re zppIyLqg stpdcbdrzj 

5) 

5.6 Double Hoop Assembly (See Figure 18)  

5.6. 1 Fabrication 

1) Procure material; 

2 )  

3) 

4) 

5) 

6) 

Mechanically roll  two tubes to the diameters specified on the Drawing 

Tungsten iner t  gas weld the tubes to form two hoops; 

Wrap hoops with fiberglass cloth o r  six layers  of nylon net 0.007-inch fiber 
diameter,  per  Drawing SKU-041071;  

Machine sew netting around the tube with nylon thread, per Drawing 

Protective wrap in plastic film and store.  

S K l l - 0 4  1071 ; 

SK11- 04 107 1; 
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5. G .  2 Installation 

1) 

2) 

3) 

4) 

Remove retainer section from each hoop clip; 

Position the hoop in the clips; 

Slit the netting with a s h a r p  instrument to allow replacement of the retainers 
to each hoop; 

Repair netting by hand sewing as required on installation. 

5 . 7  Purge System 

The purge system is the largest  undefined area in the insulation system. The 
system presented in the following text is one of many which must be considered 
in a broad developmental program. 

5.7.1 Torus Tank Preparation (See Figures 19 through 22) 

1) 
2) Remove attach bolts; 

3) 

4) 

5) 

6 )  

Install lifting harness in tank skirt  r ing lifting lugs; 

Lift tank free from the support cone and inser t  in insulation support; 

Install insulation bridge and center support tool; 

Clean all  external surfaces of the tank with diacetone alcohol o r  methyl 
ethyl ketone and lint f ree  wipes; 

Af t e r  cleaning, blanket the tank with a plastic covering until insulation 
installation. 

5 . 7 . 2  Fabrication 

The purge system is composed of eight segments with seven sealed units per  
segment. 

1) 

2) 

3) 

4) 

5) 

6) 

Procure film nylon o r  mylar (perforated and unperforated) per  Drawing 

Fabricate shop aid templates for cutting and sealing the system to the con- 
figuration designed in Drawing SKll-041071, sheet 5; 

Cut film using the templates; 

U s e  a hot sealing iron and seal all joints per  Drawing SKll-041071, sheet 5. 
If mylar film is used, GTlOO will be required for joining and sealing; 

Fabricate feed tubes from purge gas supply source to purge bags; 

Install purchased nylon tees at the junction of the purge feed tubes and the 
purge bags. 

SK11-041071; 

5 . 7 . 3  Installations 

1) Tack bond the segments of each quarter to the tank using spots of contact 
adhesive to hold them in place; 
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2) 

3) 

4) 

Seal udjacent gores to each other using a hot iron. 
now resemble a complete blanket on the tank.); 

Route the purge feed tubes to the top of the tank and continue to the manholes 
of each segment; 

Connect the purge feed tubes to a central supply manifold after the insula- 
tion has been installed. 

(The purge system should 

5.7.4 Facilities 

A purge gas recirculation unit will be required. This unit will purify spent purge 
gas ,  reheat it to pirgirig temperatures, and recirculate it back into the purge 
manifold system for another cycle. 

5. 8 Insuiation System 

5 . 8 . 1  Materials and Tooling 

5. 8.1.1 Materials - 

1) Mylar honeycomb 3/4-inch cell size by 0.003-inch wall thickness by 
0.040- x 40- x 96-inch sheets. Can be secured from Hexcel Products, Inc., 
Berkley, California or American Cynamid, Seattle, Washington. 

Rigid freon o r  carbon dioxide blown polyurethane foam 0.025 *O. 015-inch 
thick. Size of sheet unknown - prefer 40 by 96 inch. Supplier: Union 
Carbide Company - any office. 

Nylon tulle 0.007-inch thick by 50-inches wide by 50 yards (material bolt 
size).  Catalog No. 36H1008, Supplier: Sears  Roebuck and Company. 
(This is the only source of supply for this particular nylon net.) 

4) Perforated double aluminized mylar, Type C,  0.00025-inch thick by 4-feet 
wide. Minimum of 1200 A deposited aluminum on each side. Perforations 
0.04 *O. 010-inch diameter on 0.30-inch centers. 

2) 

3) 

Film to be secured from G. T. Schjeldahl, Northfield, Minnesota o r  any 
vacuum plating firm. Perforations from Perforation Specialists, 351 W e s t  
35th Street, New York. 

Mylar film, Type A 0.001-inch thick from DuPont o r  any available source. 

GTlOO tape, 1/2-inch wide from G. T. Schjeldahl, Northfield, Minnesota. 

Thread - nylon or dacron from any supplier. 

5) 

6) 

7) 

5 .8 .1 .2  Cutting Templates - Two cutting templates are required for each 
layer  of insulation and should be approximately 0.040-inch thick of template 
stock. It is recommended that cardboard units be first fabricated and tooling 
test conducted before fabricating the metal templates. 

5.  8.1.3 
height. Cover with a durable surface such as rubber o r  plastic castable. 

Cutting Table and Cutter - Fabricate table to a convenient working 

The cutter should be a fabric cutter using a blade without teeth and extremely 
sharp. It should be supported from above and referenced to the table top. 
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5.8.1.4 Assembly Fixture - The assembly fixture is w h e r e  alternate layers  
LILY built up into a full  thickness insulation panel while cutting the tapes for the 
fibti-glass sk i r t  a rea .  

The template is adjustable so that each insulation se t  of layers can be cut at a 
given length without affecting the layers previously cut. 

5.8.1.5 Button Assembly Fixture - Following assembly of the insulation blanket 
and prior to sewing the nylon tulle, the subassembly is t iwisferred ta a convenient 
height table where the buttons and ties (alternate nylon stud) are applied through 
the insulation blanket. This act  helps to stabilize and locate the insulation for 
sewing. 

This tool consists of a punched table top in the pattern of the buttons, which 
allows working above and below the panel, at the same time. 

5 .8 .1 .6  Sewing Table and Machine - The sewing table should be of a convenient 
s ize ,  i. e . ,  14 by 20 feet and of any smooth surface with the machine positioned 
approximately as shown in Figure 23. The machine should be any industrial 
model wi th  a foot treadle actuator. 

5.8.1.7 
metal o r  wood capable of supporting the insulation layers.  
approximately 14 feet by 14 feet wide by 6 feet high and easily encloseable in 
plastic film for soil protection. 

5.8.2 

NOTE: 

Insulation Storage Racks - Insulation storage racks can be of any 
They should be mobile, 

Insulation Panel Fabrication (See Figures 23 and 24) 

Assemble insulation in limited access low hydrocarbon room only. 
Shop personnel shall wear white gloves, hair covering, and smocks. 

Cut mylar honeycomb for first layer blanket using cutting fixture CT-1L. 

Cut aluminized mylar for first layer blanket using cutting fixture CT-1L. 

Cut two layers of nylon netting using cutting fixture CT-1L. 

Position one layer of nylon netting on fabrication fixture FF-1L. 

Apply alternate layers  of aluminized mylar and mylar honeycomb until 15 
layers  of each a r e  applied. 

Position another layer of nylon net over the insulation panel. 

Install buttons and ties through the panel at each location indicated on the 
assembly tool AT-1L. 

Machine sew all edges of the panel. Sew in nylon tape reinforcing to the 
wide end of the insulation panel. 

Store in storage racks (tool ST-1L). Identify and seal with plastic film for 
dust protection. 
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10) 

11) 

12) 

liepent Steps 1) through 9) until 18 panels and 2 spares  a r e  fabricated. 

Repent Steps 1) through 10) using the cutting and assembly tools designated 
for that insulation blanket layer. 

Repeat Steps 1) through 10)  using the cutting and assembly tools designated 
for each insulation blanket layer of the upper tank insulation assembly. 

5.8.3 Icsu!atim Insta!!ati~n (See Figire 25) 

Remove insulation f rom storage room for first layer of insulation. 

Open storage car t ( s )  for access to the insulation. 

Attach a blanket to the lower insulation attachment clips. 

Rotate the panel to conform- to the tank wall. 

a) 

b) 

c )  

Inser t  thread fastener through the panel at the appropriate point. 

Press panel against insulation support stud on the fairing. 

Withdraw panel f rom the tank surface and penetrate the indented mark 
with a hot iron. 

NOTE: The iron should be blunt, of 0.30-inch diameter and be  heated 
and controlled at 450°F. This iron will burn through all 
layers  of insulation and both net surfaces to provide a smooth 
hole. 

For nylon net, use  a cork punch for hole development. 

Insert burned hole over the support stud and fasten in place using a 
retaining die. 

d) 

Rotate panel under the sump and repeat Steps b) ,  c) ,  and d). 

Fasten end of the insulation panel to the double hoop netting by sewing with 

NOTE: Trimming of the panel may be required to secure a proper fit.  If 
this is necessary,  open and fold back the net covering, then cut 
insulation layers  back to the required dimensions and resti tch the 
nylon net covering by hand. 

r-3’!sn thre2d. 

Place adjacent blankets of insulation designated for the first layer and fasten 
per  Steps 3 )  through 5) until all panels are in place. 

Tack-sew adjacent panels to each, per  Drawing SKll-041071. 

If the full panels do not meet to form a continuous blanket, cut a splice 
blanket gore to the dimensions required to fill the gap. 

Remove cart(s) f rom storage room for upper tank insulation of first layer. 

Fasten a gore panel to the lower attach clips on the fiberglass skirt. 

Mold the insulation to conform to the crotch fairing using gentle hand pres-  
sure  and inser t  the hold-down threads through the blanket gore. 

Position over stud at top of tank; mark by gently pressing on the point of the 
stud and melt with the same iron described in Step c). 

Position the holed gore on the stud and install the retainer. 
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Sew the blanket gore end to the double hoop netting. 

NOTE: 

Place adjacent gores and attach per Steps 11) through 15). 

Tack-sew adjacent gores per  Grawiiig SKll-041071. 

If a gap remains after all panels are in place, splice panels shall be cut, 
sewn, and piaced to f i i i  the gap. 

Proceed to No. 2 layer on the bottom half. 

Displace the panels from the first layer pe r  Drawing SKll-041071. 

NOTE: This spacing is critical. 

Apply No. 2 layer on the bottom half, pe r  Steps 3) through 6). 

Proceed to No. 2 layer on top half. 

Displace the panels from the first layer,  per  Drawing SKll-041071. 

NOTE: This spacing is critical. 

Apply No. 2 layer on the top half, per  Steps 11) through 16). 

Alternate layers,  top and bottom, until all five layers are applied. 

The manhole insulation conflict shall be resolved on installation by marking 
the portion to be removed; removing the net covering locally, cutting away 
insulation and resewing nylon net over cut area. 
Insulation of the manhole cover shall be fabricated and installed to fit after 
the insulation blanket layers  are applied. 

Install the 1-mil polyethylene purge bag fabricated of gores and heat sealed 
together. 

Install insulation retainers on the top portion of the tank, per  Drawing 

The blanket may be trimmed to dimension and resewn. 

o T / ’ i i  n h i n r r -  
O L ~ I I - V ~ I V  11. 

5.9  Protection System 

5 .9 .1  Fabrication and Installation 

Procure  plastic (mylar,  polyethylene, o r  PVC). 

Cut gore patterns for the film covering using the No. 5 blanket insulation 
cutting templates CT-U5 and CT-L5. 

Join adjacent gores by heat sealing with a hot iron (tape adhesive Schjeldahl 
GT-100 o r  equivalent is required to sea l  mylar film. 

Fabricate the upper and lower half units separately for handling purposes. 

Bond the upper half unit to the fiberglass tank support skirt .  

Bond the lower half unit to the fiberglass tank support on the outside. 

Join the upper and lower film half sections near the double hoop assembly 
joint by heat sealing. 

Make cut outs in the film macket for vent protrusions and the manholes covers.  
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9) 

10) 

Form mnnhole covers of gored plastic film. 

Use double-backed tape to hold manhole film covers in place. 

11) Reinforce and/or seal  protrusions through the film bag by heat sealing a 
doubler segment adjacent to or over these a reas .  

5.10 Field Repairs 

5 .10.1 Repairs to the Purge Bag Protection System 

1) 

2) 

3) 

Remove damaged area from the film cover. 

Cut a film section to completely cover the a rea  removed. 

Heat seal  film patch in place. 

NOTE: Mylar film requires a film adhesive (Schjeldahl GT-100 o r  equivalent). 

A back-up of rubber covered aluminum is required to heat seal the film and 
protect the underlying insulation. 

5.10.2 Repairs to the Insulation System 

1) 

2) 

3) 

4) 

5) 

6) 

Remove the purge bag in the damaged area.  

Remove the damaged insulation gore segments from the tank. 

Procure spare gores packaged in plastic film for soil protection from 
storage area.  

Remove gores from plastic packaging. 

Install replacement gores by attaching and sewing in place. 

Repair film per  Steps 2) and 3).  
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Tank Bridge and lnsuiatlon Fixture 
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Y-Ring Fairing Layup Tool 

Fiberglass Restrainer Fabrication Tool 
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Storage Racks 
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7.0 CONC LUSIONS 

A comprehensive manufacturing plan w a s  developed for fabrication and appli- 
cation of high performance thermal insulation to the 200-inch diameter Torus 
Tank e 

A detailed design of the insulation system w a s  developed which met the require- 
ments of the program. Thermal, structural, and weights analysis were con- 
ducted on the system. 

Fabrication, tooling, and installation plans were developed and documented for 
the detailed insulation system. 

Further development is required in the a reas  of purge systems and outer purge 
covers. The units presented in this document do not attempt to define these 
areas. 

1 
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